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I. ABSTRACT

RN

Kh accurate method of calcu)ating the statistical monthly and ama‘l k ' 2
distribution of amblert temperatures on firest Gircle routes and over |
geographical regions is presented. An ;aly to operate co-pupor program
gives data in oconvenient graphical and tabular form for airpléne sylt.‘"

trade studies and performance calculations. ( ) =
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II. SUMMARY

Accurate information concerning the statigtical distribution of enroute
ambient teuperatur,cn at airplane cruise altitudes is required for many
trade studies and performance calculations, and is particularly important
vhen system performence is highly temperature depsndent as, for example,
in airplene air-c.onditioning system studies. This document daescribes

a method of calculating the statistical monthly (January, April, July
and October). and ennual temperature distribution on any Great Circle
route for pressures of 300, 200, 150,100 and %0 millibars, correspanding
spproximately to altitudes of 30,000 feet, 40,000 feet, 45.000 feet,
53,000 feet and §8,000 feet.

The route temperature distributions are generated by e computer program.
Inputs to the program are the coordinates of the terminal points.
Output. 18 in several forms, namely:

1. The route temperature distribution, showing the probability of
exceeding any temperature, given in graphical form with the option
of tabular form as well.

2. The percentage of the total time that the temperature lies within
discrete intervals of specified mediem and width, given in graphical
form with the option of tabular form as well.

3. The nean and standard deviation of the mormal curve which best
apprqxtmafea the actual temperature distribution, and the error

?

agsociated with the normal curve approximation.
The graphicel output is {llustrated in Pigures 6 and 7 for the
Johannesgburg to London route at 30,000 feet.

Meteorological data based on records compiled over long periods for a
selected globel network of points furnish the basis for the program.

Sections of an existing program (Boeing Document D6-6833TN, Progranm
No. TAPOQ3) are employed, as a subroutine, for the determination of mean
temperatures and stenderd deviations at equidistant points 100-200°
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nautical miles apart along & Grast Circle route. T+ results wire
then used in the earlier program to generate the route mean tv.«pex"ature
and the mean value of the enroute standard fwiationa for meny mtn, :
as described in documents D6-15650-2 and D6-15650-k. = Presentatiun of
results in this form has the disadvantage that the averaging process
obscures the effect of temperature variations along a route. Purth.rlon,
representation of the temperature distribution by a normel curve ruultl
in a loss in accuracy. For some cases, and particulurly for short
Bast=West rouies and for all routes &t ho 000 feet. enroute tqponturo
variations are mmall and the route-man results will closely approximate
tha results developed in this document. However in many cases enroute -
temperature variations are significant, and misleading information about
temperature extremes will be obZained if the route-mean resuits are
employed to describe the enroute temperature distribution.

Temperature distributions for specific routes may prove unnuéonary
voluminous to a user who only requires information for a specific region
of the earth. Therefore results are presented for four geographical
regions of interest. namely: .
1. The continental United 8tates.
2. The continental United States combined with the North Atlantic

and Central and Southern Burope.
3. The polar region of the Northern Rniaphcre
4. The equatorial region.

Temperature distributions for these regions are compared with the '
U. 8. Standard Atmospheres, and it is shown that the Hot and Cold
Atmcspheres are encountered only over limited and often remotely
located arees.

The advice and cooperation of Mr. Neal M. Barr (Atmospheric Engineering
Group. Aerodynamic Staff) is ecknowledged.
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)

IIXI. INRTRODUCTION

The smbient air temperature influences the performance of many airplane
systeme. Accurate information adout this temperature is, therefore, of
prime importance not only for trade studies but also for performance
calculations. '

Many diffcnnt methods of estimating representative ambient temperature
distributions have been used. One approach is to consider just the

- dafined values of Stanisrd, Hot and Cold Atmospheres, and to assume

that thewe occur in fixed proportions (90 percent, 10 percent, O percent,
for sxample). Buch an approach ie clearly very arbitrary and is unlikely
to yield accurate results. Some of the shortcomings of this method are -
avoided by using the rante--“an temperature data which have been compiled
for wmeny Great Circle routes (Reference 1). Route data in Reference 1
are given in the form of the rcute mean temperature, the mean vaiue

of the enroute standard deviations, and the temperatures that are mot
excesded 50 percent, 75 percent and 85 parcent of the time. The effect
of inflight temperature varistions is not reflected in these data and .
therefore information about temperature extremes calculated from the given
mean temperature and standard deviation values. may be wmisleading.

The wethod of calculation described in this dovument avoids the
approximations introduced in employing the route-mean data of ¢
Refsrence 1 to determine the enroute temperature distribution of a
studied route. and the error involved in approximating the actual
distribution by a normal curve. Both the developed method emd the route-

mean method use the same mrteorologicel data. The deviation in the information

about temperature extremes between the two methods is dependent on the
megnitude of the enroute temperature varistion, and this 1s in turna
compley. function of the route, the altitude and the time of the year.

In general, the differenc ¢ increases with length of route, is greater
for North-8outh than East-West routes, and is comparatively high at an
altitude of 53.090 feet and low at 40,000 fest.
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A. METEOROLOGICAL DATA
Neteorological data, based on records _eo-jwliod over long periods, have been
obtained for a medwork of 1117 points covering the surface of the earth.
The points are located at every latitude which is en exact multiple of five !
degrees. Within 60° latitude of the equator, the points are locsted
st every longitude which is an exact multiple of ten degrees; on those:
latitudes which are farther than 60° from the equator the points are:
located at every longitude which is an exact multiple of twenty degrees. .
Bach pole is represented by one point. The mean and standard deviation of
e normal distribution fitted to the actusl temperatures over a period of
a month are recorded for sach point. Date are availadle for January,
April, July and October. these months being sssumed to be representative
of the seasons: and for pressures of 300, 200, 150, 100 and 50 millibar "
corresponding approximately to altitudes of 30,000 feet. 40,000 feet,

values are available.

B. GREAT CIRCLE ROUGE CAICULATION .
If the geographical coordinates of the terminals of a route are
specified, the Great Circle route may be determined by stendard
methods (Reference 2 for exaxple). The coordinates of most major
airports can be found in Reference 1.
»
C. CALCULATION OF ROUTE TEMPERATURE DISTRIB/TION o
- If a route is divided into a number of equidistant points, the mean
temperatuve (m;), and standard deviation ( O07 ) at eech point (for e
‘given month and sltitude) may be obtained by interpeletion from
sdjacent data points (Reference 2). Then if the tempersture ¢t eny

l"'" ..

IV. CALCULATION OF TENPERATURE DISTRITUTION ON A GREAT CIRCLE ROVZE 1

45,000 feet. 53,000 feet and 68,000 feet. Thus a total of ki, 680 Aeta |

REV SYM SOEING |vo. D5-56402 >

: |PA6t 9

2000



AD 13588 O

’

point (1) is distributed normally, the probability that the tgppora-
ture T at this point is less than or equal to any specified tenm-

perature 1 ia, by definition:

.’- ~m"
PT= 19) =F (V% =grrmy e GR) ur o

1)
The probability that the temperature ¥ is exceeded is given by

P(T >B)= | - F, (W) ' (2)

If the distance between points is chosen so that the temperature
and standard deviation can be assumed constant during each flight
increment, then the probability for the whole route of any specified
temperature 1% being exceeded is given by

-Bn (B))

— ()

Pe(T>19) ~ I1-Fy (1) = é «

An exomple of this method, using hand calculations to determine
the cumulative probabilities, is shown in figuree 1 and 2. 1In
order to limit the number of calculations, the example uses larger
temperature steps and fewer significant figures. The difference
between the temperature distribution at sellected points and the

route tempsrature distribution i= illustrated in figure 2.

The probability of the temperature fnlling within a specified
interval is giv:n by:

[y

P(BeT<B+AY) - Fe (B+AY) - Fe (1%) ©

Assuming that the momths of January, April, July and October are
representative of the four seasons, the annual probabilities may
be obtained. Thus: ’
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D.

E.

)
Pan (T>B)= 1= Fra (8)r =3 - «5)

Pra(18<T < V+AUY) = Fy, (TB+A1)-Fpa () o

FITTING OF A NORMAL CURVE

For most routes the temperature distribution closely approximates
a normal curve. Since normal curves may be defined by apecifying
just tne-mean temperature and standard deviation, it is worthwhile
determining the normal curve most closely epproximating the actual

distribution.

The mean temperature of the normal curve is calculated from the
ac’ 2al temperature which is exceeded 50% of the time and from
temperatures having the defined probabilities of & /2 and £ O ,

thus averaging out discrepancies in any single value and giving:

l .
mga-g(l,a_a,f&,&'flfso"'v'oy“"”r) (?)

The standard deviation is found by a similar method, avereging
values at + 0/, t o ,..... .. 3t 30, and giving:

x — W -m + -
or = 17| 22 {Wy-m/3) + = ((5-me)/7) (8)
:
The mean and maximum deviations in ¢ | =Fx(2?)) between the actual
distribytion and the fitted curve are calculated in order to indicate

the accuracy of the curve-fitting.

CALCUIATION OF A PROBABLE REGIONAL TEMPERATURE DISTRIBUTION

The available meteorological data can alsc be utilized to generate

a probable temperature distribution that would apply to a geographical
region of the earth rather than individual routes. The less
voluminous results applicable to an airplane typically operating

over the specified region are obtained at the expense of averaging

REV SYM
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the temperature profiles over the region.

A method of calculation similar to Paragraph IV, C is used to

. generate the regional temperature distribution based on the

- Beteorological data points located within the specified region.
The: spheroid shape of the earth is accounted for by giving ;
area-balanced weights to individual points. Results are given in

Appendix Ag
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V. DESCPIPTION OF PROGRAM

A complete listing of the computer program for calculating enroute tem-~
perature distributions is given in Appendix B. It can be seen from the
listing that the program is divided into a main program, five subroutines
and & function subprogram. The main program handles input and output
routines; ~nd directs control to the subroutines and the function sub-
program. The meteorological data is storcd on a tape-unit (called TAPEB
for cross-reference) assigned to the author. The subprogroms have the
foliowing functions:

l. Subroutine TEMP.

Sections of an existing program (ref. 2) are used for generating
mean temperatures and standard deviations at equidistant points
100-200 nautical miles apart along the specified route.

2. Subroutine DISTR. ]
Determines the statistical temperature distribution for the whole
route from the mean and standard deviation dats for the individual
‘points.

3. Subroutine FI1TNC.

Dltenlﬁnawlhe mean and standard deviation of the normal curve most
closely approximating the calculated distribution curve.

L4, Subroutine PINT.

Determines the probability of the temperature being within intervals
of given mediam and width, Tpe system of medianm temperatures are
centered around the Standard Atmosphere temperature.

5. Subroutine WBIN
Prepared calculated data for input to the CDC-6600 system ' 3
tape-writing subroutine WRTETP (ref. &4).

6. Function subprogram CNORMI, e
This.subprogram calculates the cumulative probability for a normal
distribution, given the mean and standard deviation and the region
for which the probability is required (ref. document PS-497, Program
Library Department).

REV SYM BOEING |vo. D6-58402 >
|PAGE
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®
Iaput for the program is described in Appendix C, and sample data for the

ronte‘Johannesbnrg to London %re-included for illustration. It should be
poted that exactly antipodsl . points must not be specified as terminals
of a route since such points do mot give a uniquely defined Great Circle
route, Purtharmore, meteorological data are not aveilable on the SO m;llibar

(68,000' altitude) level south of latitude 55 8. A d18gnoatic ig printed if '

the Great Circle route enters this region.

In order to reduce core storage requirements the BIMENSION statements

have been written so that not more than two altitudes can be handled in
any one run, and routes ars restricted to a maximum length of 11,000
nautical miles. ’

Output data are in the form of graphs and tables and are self-explanatory.
The plots are not labeled by route, but may be identified by the fact

'.that they are> generated in the same order that the rou.hes are inputed.

Tabular and grephical output corresponding to the input of Appendix C are
shown in figures 5 through 7.

Appendix D shows a complete deck assembly and lists the required control

cards. The Fortran nomenclature is shown in Appendix E. The core storage

 requirement is 1100008 and the central processor time is approximately

equal to
CPT = 21.5 + 3.8 x NALT x NROUTE seconds

'
]
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A.

VI. EXAMPLE

ROUTE TEMPERATURE DISTRIBUTION

Use of the program may be illustrated by considering a specific route,
and Johannesburg to London at 30,000' has been selected. As this is
a long route (4896 N.M.) and in a South-North direction, considerable
enroute temperature variation~ can be expected. This is confirmed by
reference to fikure %2, which shows isotherms at 30,000' in Jamuary.

Figure 4 shows that the standard deviations varies noticeably too.

The mean temperature and standard deviation for 26 equispaced points
along the route are shown in figure 5, which also shows temperatures
having 8 50, 75 and 85% probability of not being exceeded. These
values could also be obtained from the graphical plot of figure 6,
snd can be ccmpared with values obtained using the route-mean method
of reference 1. For the month of January, the comparison shows:

. -
Prcbability of Tﬁggggggure Route-Mean
Not Exceeding Method Method

50% -32.3F -3 C = -%F

75% -24,9F -37C = -35F

85% '-22.65‘ -36C = -33F
Figure 5 shows the mean and standard deviation of .he normal distri-
butic- curve most closely resembling the actusl temperature distribu-
tion, and also the error associated with the normal curve approximation.
It can be seen that in this case, the normal curve is not a particu-
larly good approximation. A comparison for the month of January with

the values listed in referencih} g%yes:
route

Temperature Route-Mean
Method Method
Mean Temperature -36.1F -238¢ 2« -%6F
Standard Deviation -13.4F 2¢ =~ LuF
°
.
REV SYM SOEING |vo. D6-58402 >
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be used whare considersble enroute temperatures variations can be expected.

It can be seen that the route-mean method gives misleading information
sbout the extremes of temperature that will be encountered on this

route and this method, originally not intended to describe the enroute
temperature distribution but frequently used in this capacity, should Dot

-’

It is interesting to apply the different methods of determining route
temperaiLures to the calculation of the operating penalty of a system.
Consider, as an example, the ram drag of the model 747 air conditioning
system at .85 MN cruise. The ram drag is plotted in !‘fguro 8 as a function
of smbient temperature, with temperature histograms based on the
statistical and route-mean methods superposed. The average route ram drag
may be compared, giving: '

» "Average Drag
Mathod o 1b/Airplene .
Enroute temperature 799
Route-Mean ) 396
Standard Day 90%
Hot Day 10% 415

It can be seen that in this case the route-mean and Standard/Hot day
methods seriously underestimate the average drag, and hence the
average airplane penalty.

REGIOHAL TEMPERATURE DISTRIBUTION

Appendix A introduces the use of the available meteorological data to
generate a probable temperature distribution applicable to s specified
region of the earth, thereby eliminating the high degree of idealization
inherent to the use of standardized atmospheres. To illustrate the use
of the generated data, an example involving the identical airplane-
system as in the previous exsmple will be presented. Two of the selected
geographical regions in Appendix A (Continental United States and
Equatorial region) at the 30,000 foot altitude will be studied.

From the annual temperature distribution curves for the two regions
at the given altitude (Figures 14 and 17) one can easily obtain the

REV SYM
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"‘standardized atmospherss yields an acceptable value of the anrogd

‘studied, this might not have besn the case. Taken over the

"to be exceeded < 1% of the year when focusing the entire equatorial

;average drag based on the probadble temperature distribution over this

probabiutiu on 5 -degrees Fahrenheit intervals for cucnution
of the averuge ram drag, as was lono for an indiﬂdual youte 4in

the previocus section. Figure 10 gives the probab‘.lnw hilt“ ‘,?,a "“: ¢
for the two regions superposed on the ram drag curve. Cmrilu of
the average ram drag gives: oL ; ‘-’; s
Average drag '
1b/airplane
Standard Day 90% k1S ‘
Hot Day 10%
Probable temp. distribution over
the Continental United States et
Probable temp. distribution over
the Bquatorial region 1260

It is seen that for the given exmmple, the adopted combinations of the

drag if applied over the Cantinental United States. If another ' ¢
airplane system, having a different tempersture dependence, was dbeing

equatorial regiom it is found that 90% Standard Day, 10% Hot Day
seriously under-estimates the average drag, in apite of the fact
that Hot Dey (Hot Day = Std. Dey + LOF at 30,000 f£t.) is found

region of the earth. Iiikewise it can be seen that temperatures as
lov as Stmndard Day are extremely unlikely to be encountered over
this area, making an assumption of 90% of the time at Standard Day
unrealistic. Yinally if the interest i founded om locelized aress
where the concept of Hot Day applies (areas recording tesbperatures
exceeding Hot Day 10% of the time), one will find that such as

area at 30,000 feet axists over South Bast Asia. Calculations of the

area will result in a value exceeding the one obtaimed for the Equatorial . ¢ :
region, showiig that if 10f Hot Day 1o a realistic figure, one can not
designate Standard Day condition to the remaining mbtion of the time.
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VII. cacwsmm' Am Mom

The uthot tor dctouining cnroute te-ptruturu developed in this
document genérates results vhich are limited in sccuracy aﬂ.y by !
the acewracy of the meveorologicel data on vhich they are bused. YL
The cmtor program is simple to use and prouutn results in
couvon:lnnt tabuler and graphical forms. Therefore, it il rcw :
that the statistical method should always be used for genersting enroute |
temperature distributions. For scme routes, and particularly for 1
short East-West routes, the route-mean method (Refersnce 1) gives
acceptable approximations of the enroute temperature distribution.

]
Use of the regional temperature date to designate a prooable temperature
distribution eliminates the high degree of idealization imherent to the
use of standardized atmospberes, thereby greatly imprewing the accuracy
snd reliability of employed data. It is recommended that the regional
temperature data be used instead of standardired atmospheres in .
determining typical opsrating tnperai:.ux_-ol for airplanes and airplane
systems. ‘

\
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APPEIDIX A
USE OF THE AVAILABLE METEOROLOGICAL DATA
TO GENERATE REGIORAL TENPERATURE DISTKIBUTIONS

The concepts of Standard, Hot and Cold Atmosphere (References 5 through 7)
are commonly combinsd to designate a probable temperature distribution

for trade studies or performance calculations on the typical operation
condition of an airplane system being studied. Any such combination of the °
standardized atmospheres (1.e., 90 percent of the time at Stamdard Day and
remaining 10 percent at Hot Day) is likely to involve a substantial degree

of idealization of any probable temperaturs distribution and the risk for
uilintorpxptationn becames apparent. If Standard Day condition is encountered
during t& major part of the time, ar in above example, the prodbability

of experieneing Hot Day is extremely remote. On the other hand, ifthe
interest is focused on the localized areas where Hot Dey tempersture actually
is deing éxceeded the specified percentage of the time, it is improbable
that temperatures az low as Standard Day will be encountered.

Using the available meteorological data, it is possidle to generate a
more realistic temperature distribution curve applicable to a specified
region of the earth, thereby eliminating the uncertainties inherent in the
use of the standardized atmospherss. The developed data becomes applicable
to an airplane in traffic of about equal density over the specified region.
Data for four regions of common interest has been generated. These are:
1. Continental United States with edjacent border areas (52.SH to 22.5N
‘1atitude and 65W to 125 W longitude).
2. Area 1 combined with North Atlantic, Centrasl and Southern Burope
(Area 1 plus 62.5K to 37.5W latitude and 258 to 65V longitude).
3. FPolar region of Northern Hemisphere (90X to 62.5X latitude).
k. Bquatorial region (22.58 to 22.58 latitude).

Data pertinent to any other region of the esarth of interest can, upon
request, be generated. »
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FPigures 10 through 13 give the temperatires that are probadle to be
exceeded 99, 90, 57, 10 and 1 percent of the year over the differeat

are supsrposed for comparison and reference. The temperatures at the

30,000, 40,000, 45,000, 53,000 and 68,000 feet) are interconnected in
the most probable way.

Pigures 1k through 17 give the complete seasonal and annuel (arithmetic
mean of ths four seasons) tewperature distribution at 30,000 ft. altitude.
Similer curves can be mede available for any region and altitude. °
Figure 18 is a summary table of data from Figures 10 through 13,
everything being referred to Standard Day condition at each altitude.

spetified regions. The three standardized atmospheres (Standard, Mot and: cgu)’;’? &

different levels vhere calculations have been carried out (10;000," 1‘.8,@0,'5';"
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The table belew describes the preparation of the data input carde.

CARD

INFUT DATA DESCRIPTION AND ARRANGEMENT

LOCATION
COLUMN

APPENDIX C

INFUT MODE OF

ITEM -

NUMBER

DESCRIPTION s

1

1-6

7-12

13-18

1-6
7-12
13-18

19-30

1-80

1-12

13-24

25-%€
37-48

‘NALT
ALTI(1)

ALTI(2)

CPT(1)
OPT(2)
OPT( 3)

TINT

NROUTE
COMMENT

GIAT(1)
GING(1)

GIAT(2)
GING(2)

INT.

INT.

INT.

INT,

REAL

INT.

A LPHASUM -

REAL

REAL

REAL
REAL

Number of altitudes ﬂbh
used throughout the caleu-
lations.

First altitude (feet) for
which data is to be caleu-
lated.

Seconé altitude in calou-
lation. ALTI(2) must be.
larger than ALTI(1) (llltt-', d
tudes entered in order of _
increasing numbers). AIRT(2))
omitted if NALT equal to one.

Option; = 1 if printing of
all calculated data, = O if no

Option; = 1 if Lemp, output in
Fahrenheit, = 2 if Celcius

Option; = 1 if probability on
intervals desired, = O if not

Width of temp. intervhls, can
be omitted if OPN(3) = O,
OPT(2) eontrols input unit.

Number of rovtes to be calcu-
lated in thu opecified sanner.

Description of route; This
card must nqt be omitted.

v

Start point latitude in degree
and minutes .%o the conven-
tional notation; north latis.
tudes positive,s0uth negative.

Start points longitude in de-
grees and numbers to the con-
ventional notation; west long-
itudes positive, ecast pegative

End point latitude
End point longitude

.

REV SYM

SoEse |vo. D6-58402 3

IPAGE 65

&-7000
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Input data to process first work is now complete.

For additional

routes, repeat cards 4 and 5 until specified NROUTE are imputed.

Input data to generate the sample case output shown in figures 5

through 7 are listed below:

COLUMNS

6] 12 18] aul 30 36 60 72
11 30,000 I

ol 1 il 5

l |

1} !

Johannesburg to london 4896 N.M.
-26.08 -28.15 51.28 o7
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APPENDIX E
FORTRAN NOMENCIATURE

The followiﬁg table gives the nomenclature for the main prograi and
the subprograms. Only the more significant €ﬁ;i;§are included. ‘'The
nomenclature for térlz. whose values are stored in the COMMON rdgion
of the computer, are given first. In the table, dummy subscripte i,
Jd and K are used to denote 1, 2 and 3rd dimension respectively.

NOMENCLATURE FOR THE COMMON STORAGE

FORTRAN '
SYMBOL DESCRIPTION ONITS
A (1,J,K) Meteorologicel data. Coded in the C (Celius)

form %amabb, where ¥aaa is mean-temp.
in tenths . and b®b is standard devia-
tion in . tenths also.

I denotes location on the earth

J denotes month

K denotes altitude

ITHI Upper boundary of temp. range con- C
: sidered fqr one altitude,

ITLO Lower boundary of temp. range con- c
sidered for one altitude.

ITR Nwiher of temperature steps used in -
calculavion
I558 Indicator for region of earth where ———

meteorologicul raw data are nct
available (68000 ft, south of 55 S.lat.)

LALT(T) Altitude FEET

REV SYM SOEING |vo. DE-58402 N
IPAGE 69

€-7000

DHEBR(I) Temperatures calculated and used for c

one altitude
DIST(1) Cumulative distance from start’terminal N.M.

to point i
EAVR(I) Average error in fitted normal curve ———
EMAX(I) Maximum error in fitted normél curve -

Y
Jl

e
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A A

FORTRAN
SYMBOL DESCRIPTION: UNITS
IM3 Number of points i on the route -—
MTH Months number. 1 through 5 per ——-
following denotation.
1 for January
: 2 for April
3 for July
L for October
5 for Annual
NINT Number of intervals employed for ——
probability on intervals
PINV(1,J) Probability on individual temp. N (Normalized)
intervals of given width and
median temperature. ;
. PRI(I,J) Cumulative probability value at lower N
. boundary of interval
iPROB(I,J) Cumulative probability to exceed N
temp. values given by DEGR(I)
SCALC(I) Standard deviation for fitted normal c
: distribution curve
STDN(I,J,K) Standard deviation for the points C
along the route.
TIM(I) | Interval median temperature C
TMN(1) Mean values for fitted normal o
distribution curves
TNMP(T,J,K) Mean temp. for the points along C
‘ the route
r'4
TPR(1,J) Temperatures corresponding to .50, c
75 and .85 probability not to exceed
USSA(1) United States Standard Atmosphere, 1962 c
ADDITIONAL NPMENCLATURE FOR THE MAIN PROGRAM AND SUBPROGRAMS
For complete nomenclature to subroutine TEMP, see Document D6-6833TN.,
ALTI (I) Altitudes on which calculations are to Feet
be carried out.
-]
$
o
]
<

PAGE 70
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FORTRAN .

SYMB0L DESCRIPTION UKITS

CCF (Dummy) Aritimetic stetement functiéns for P
temperature conversion from Celeius
to Fahrenheit.

GLAT(1) Latitudes of terminal points o

1 ;

GLE(1) Longitudes of terminal points o,

IRR Error indicator for writing on -
binary tapes

LVL Level (altitude) FEET

NALT Nmber of altitudes used in th ce-
calculations :

NROUTE Mmber of routes Y £

NTAFE Binary tape number =

| oPr(1) Options for calculations .

PIOD(I) Arrey PINV(I,J) tranformed to 1= ) §
dimension

PROD(I) Array PROB(I,J) transformed to * |
1=dimension

™L(1,J) Array TIMP(I,J,K) transformed for 2=dim c

18DL(1,J) Array STDN(I,J,K) transformed to C
2=dim.

 REV SYM BOEING |vo DE-58402
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| ' (7.9')‘

Fr ()

me

m

REV SYM

LIET? OF WOMENCLATURE -

Description

Cumulative propebility that T shell be less than
or equal to 1! , for point "i¥ of a route.

" Cumulative probability ( T =< 28 ) for the antire

route.

Fr(?) for the anmel case

Mean value for fitted normal curve.
Mean value for point "i" of a route. t
Rumber of points on a route, terminals included.
Standard deviation for fitter normal curve,
Standard deviation for point "i" of a route.
Temperature for ¥R equal to 50 percent.

Interpolsted temperature used when fitting a normal
curve.

Punction that describes the occurrence of different
temperatures % at a given point. In this case
a Gaussian function.

Independent varisble (temperature)

- e R
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Number

10

11

12

14

15

LIST OF ILLUSTRATIONS

Title
Illustration of Calculation Method, Part 1.
Illustration of Calculation Method, Part 2,
Averaée Temperature at 300 mB in January.

Standard Deviatiorn of Temperature at 00mB in
Janvary.

Program Printout (Sample case)

Seasonal and Annual Distribution for Given
Altitude and Route (Sample case)

Probability on Intervals of Specified Width
(Sample Case)

747 A/C Pack Rar Air Drag. Route Temperature
Distribution,

747 A/C Pack Ram Air Drag. Regional Tempera-
ture Distribution.

99, 90, 50, 10 and 1% Probability of Exceeding,

.

Temperature. Continental United States.

99, 90, 50, 10 anc 1% Probability of Exceeding,
Temperature. Continental United States com-
bined with North Atlantic, Central and Southern
Europe.

99, 90, 50, 10 anc Y Probability of Exceeding,
Temperature. Polar Region of Northern Hemis-
phere.

99, 90, 50, 1O and 1% Probability of Exceeding,
Temperature. Equatorial Region.

Seasonal and Annual Distribution for Specified
Geographical Region.Contipental United States
at 30,000 ft.

Seasonal and Annual Distribution for Specified
Geographical Region. Continental United States
combined with North Atlantic, Central and
Southern Europe at 30,000 ft.

22

23

2h

25

27
28

3e

38

P

35

37
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II. SUMMARY

Accurate information concerning the statistical distribution of enroute
ambient temperatures at airplane cruise altitudes is required for many
trade studies and performance calculations, and is particularly important
vhen system performance is highly temperature dependent as, for example,
in airplane air-conditioning system studies. This document describes

a method of calculating the statistical monthly (January, April, July
and October) and annual temperature distribution on any Great Circle
route for pressures of 700, 500, 300, 200, 15Q 100 and 50 millibars,
corresponding approximately to altitudes of 10,000 feet, 18,000 feet,
30,000 feet, 40,000 feet, 45,000 feet, 53,000 feet and 68,000 feet.

The route temperature distributions are generated by a computer program.
Inputs to the program are the coordinates of the terminal points.
Output. is in several forms, namely:

1. The route temperature distribution, showing the probability of
exceeding eny temperature, given in graphical form with the option
of tabular form as well.

2. The percentage of the total time that the temperature lies within
diecrete intervals of specified mediam and width, given in graphical
form with the option of tabular form as well.

3. The mean and standard deviation of the mormal curve which best
approximates the actual temperature distribution, and the error
associated with the normal curve approximation,

The graphical output is illustrated in Figures 6 and 7 for the

Johannesburg to London route at 30,000 feet.

Meteorological data based on records compiled over long periods for a
selected global network of points furnish the basis for the program.

Sections of an existing program (Boeing Document D6-6833TN, Program
No. TAPOO3) are employed, as a subroutine, for the determination of mean

temperatures and standard deviations at equidistant points 100-200

Reproduced by the
pCLEARINGHS.}JShE. |

for Federal Scientific echnica

Information Springfield Va. 22151
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IV. CALCULATION OF TEMPERATURE DISTRIBUTION ON A GREAT CIRCLE ROUTE

METEOROLOGICAL DATA

Meteorological data, based on recordd complied over long periods, have been
obtained for a network of 1117 points covering the surface of the earth.
The points are located at every latitude which is an exact multiple of five
degrees. Within 60° latitude of the equator, the points are located

at every longitude which is an exact multiple of ten degrees; on those
latitudes which are farther than 60° from the equator the points are
located at every longitude which is an exact multiple of twenty degrees.
Each pole is represented by one point. The mean and stendard deviation of
a normal distribution fitted to the actual temperaturas over a period of

a month are recorded for each point. Data are avallable for January,

April, July and October. these months being assumed to be representative

of the seasons: and for pressures of 700, 500, 300, 200, 150, 100 and 50
nillibar corresponding .approximately to altitudes of 10,000 feet, 18,000 feet,
30,000 feet, 40,000 feet, 45,000 feet, 53,000 feet and 68,000 feet. Thus a
total of 62,550 data values are available.

GREAT CIRCLE ROUTE CALCULATION

If the geographical coordinates of the terminals of a route are
specified, the Great Circle route may be determined by standard
methods (Reference 2 for example). The coordinates of most major
airports can be found in Reference 1.

CALCULATION OF ROUTE TEMPERATURE DISTRIBUTION

If a route is divided into a number of equidistant points, the mean
temperature (m;), and standard deviation ( O; ) at each point (for a
given month and altitude) may be obtained by interpolation from
edjacent data points (Reference 2). Then if the temperature at any

REV SYM SOEING |ro. D6-58402
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route.

cards.

equal

Input for the program is described in Appendix C, and sample data for the
route Johannesburg to London are included for illustration. It should be
noted that exactly antipodal points must not be specified as terminals

of a route since such points do not give a uniquely defined Great Circle

Furthermore, meteorological data are not available on the 700,

A diagnostic is printed if the Great Circle route enters

In order to reduce core storage requirements the DIMENSION statements
have been written so that not more than two altitudes can be handled in
any one run, and routes are restricted to a maximun length of 11,000
nautical miles.

Output data are in the form of graphs and tables and are self-explanatory.
The plots are not labeled by route, but may be identified by the fact
that they are generated in the same order that the routes are inputed.
Tabular and graphical output corresponding to the input of Appendix C are
shown in Figures 5 through 7.

Appendix D shows a complete deck assembly and lists the required control

The Fortran nomenclature is shown in Appendix E, The core storage

to

CPT

requirement is 1100008 and the central processor time is approximately

21.5 + 3.8 x NALT x NROUTE seconds

500 or the 50 millibar (10,000°, 18,000' or 38,000' altitude) levels south of
latitude 55 8.
this region on those altitudes.
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